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INTRODUCTION 


The  objective  of  this  paper  is  to  present  all  unreported  or  incompletely 
reported  work  on  the  auxiliary  gas  loading  experiments  in  our  study  of 
deflagration  to  detonation  transition  (DDT).  These  experiments  were  primarily 
designed  to  elucidate  the  mechanism  of  DDT,  but  at  the  same  time  they  also 
provide  information  about  the  sensitivity  of  an  explosive  to  undergoing  DDT. 


In  Refs.  1  and  2  we  reported  that  the  use  of  a  rapidly  burning,  gas  producing 
material  (called  the  auxiliary  gas  loader):  (1)  confirmed  the  fundamental 
importance  of  a  rapid  increase  in  dp/dt  in  the  ignition  region  to  effect  DDT, 

(2)  confirmed  the  proposed  mechanism  of  DDT  for  91/9  RDX/wax  mixtures,  and 

(3)  showed  that  the  transition  mechanism  for  gas  loaded  HE  was  the  same  as 

that  for  self-loaded  HE  save  for  the  superposed  more  rapid  burning  of  the 

loader.  In  the  case  of  several  HE  which  failed  to  exhibit  DDT  under 

self-loading  in  our  apparatus,  we  demonstrated  the  existence  of  a  critical 

column  length  of  loader  (£  crit):  if  *  <t  crlt,  no  DDT;  z  >z cnt,  DDT. 

cpi  t  ^  9  9  9  9 

Moreover,  as  tg>£g  was  increased,  the  predetonation  column  length  of  the 

test  explosive  decreased,  as  would  be  expected  from  increased  gas  loading 

and  duration  combined  with  the  pressure  sensitivity  of  the  test  explosive. 


Since  the  publication  of  that  report,  we  have  frequently  been  asked  to 
devise  a  method  of  assessing  the  tendency  of  HE  to  undergo  DDT.  It  is  far 
from  a  simple  problem  to  obtain  any  sensitivity  rating.  That  for  DDT  is 
particularly  complex  since  the  phenomena  involved  range  from  ignition 
and  transient  combustion  all  the  way  to  a  shock  to  detonation  transition 
(SDT)  which  must  terminate  any  successful  DDT.  Moreover,  any  quantitative 
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rating  requires  a  positive  result;  failures  cannot  be  placed  on  a  rating 
scale.  Finally,  all  results  will  Inevitably  be  tied  to  the  conditions  of 
the  experiment;  those  conditions  may  or  (more  generally)  may  not  approximate 
the  conditions  of  use. 

There  are  many  reasonable  ways  In  which  such  a  quantitative  rating  can 
be  attempted.  Some  of  them  are: 

1.  Vary  the  confining  tube  (or  Its  venting)  to  determine  the  critical 
confinement  (venting)  for  DDT. 

2.  Vary  the  Initial  temperature  to  determine  a  critical  value  for  DDT. 

3.  Determine  the  critical  amount  of  admixed  wax  (RDX)  to  Inhibit 
(effect)  DDT. 

4.  Determine  the  critical  amount  of  a  non-detonating  gas  loader  to 
effect  DDT. 

Each  has  advantages  and  disadvantages,  but  the  last,  or  some  variant  of  It, 
was  most  similar  In  method  and  procedures  to  work  already  In  progress. 
Consequently,  we  Incorporated  the  sensitivity  problem  Into  our  studies. 

In  other  words,  we  used  the  same  apparatus,  and  applied  Information  available 
from  previous  work  as  the  most  expeditious  way  to  rate  sensitivity  to  DDT. 

To  obtain  positive  results  from  Insensitive  materials,  an  auxiliary  gas 
loader  (94/6  RDX/wax),  In  a  rapid  burning  but  nondetonating  column.  Is  Inserted 
between  the  Igniter  and  the  test  explosive.  The  rapid  pressure  buildup  that 
results,  coupled  with  Ignition  and  subsequent  burning  of  the  explosive.  Is 
sufficient  to  Induce  DDT  In  explosives  such  as  porous  TNT,  Explosive  D, 
and  cast  Composition  B  which  do  not  show  the  transition  In  our  apparatus 
under  self-loading. 1,2,3  It  Is  also  the  purpose  of  this  paper  to  report 
sensitivity  ratings  obtained  In  this  way,  l.e.  by  varying  the  Ignition  system 
with  an  auxiliary  gas  loader. 


EXPERIMENTAL  ARRANGEMENT  AND  PROCEDURE 


The  experimental  setup  and  procedures  have  been  described  in  detail 
elsewhere.1*2  In  brief,  a  seamless  steel  tube  (16.3  mm  ID,  50.9  mm  OD)  with 
heavy  end  closures  was  used.  The  length  of  the  B/KNOg  ignitor  column  was 
6.3  mm;  the  length  of  the  standard  explosive  column  was  295.4  mm.  In  the 
present  work,  the  gas  loader  is  inserted  between  the  ignitor  and  the  test 
explosive;  the  explosive  column  length  is  decreased  accordingly.  The  DDT 
tube  is  instrumented  with  Ionization  probes  (IP)  and  strain  gages  (SG)  to 
monitor  ionization  fronts  and  strain,  respectively. 

Explosives  were  taken  from  commercial  lots  and  satisfied  the  relevant 
military  specifications.  The  same  lots  as  those  of  the  previous  work  were 
used;  the  weight  mean  particle  sizes  were:  ammo ni urn  picrate  (285ym),  TNT  (325ym), 
RDX  (200pm)  and  tetryl  (470  and  160pm).  The  carnauba  wax  (125ym)  and  the 
blending  procedures  were  also  those  used  previously. 

The  auxiliary  gas  loader  used  throughout  is  a  mechanical  mix  of  94/6 
RDX/wax.  It  will  be  referred  to  as  the  loader.  It  is  used  at  the  same 
%TMD  as  that  of  the  acceptor  for  pressed  charges,  at  95%  TMD  for  cast.  All 
charges  were  examined  by  X-rays  for  voids. 

The  basic  concept  of  these  experiments  is  that  the  gas  loader  chosen 
reacts  only  in  the  burning  mode,  i.e.,  does  not  itself  build  up  to  either 
a  shock  or  a  full  scale  detonation  capable  of  Initiating  the  test  materials. 

For  this  reason  the  loader  has  been  examined  for  its  behavior  under  self¬ 
loading.  Over  the  range  of  70  to  97%  TMD,  the  predetonation  column  length 

4  5 

i  varied  from  a  minimum  of  92  mm  to  a  maximum  of  135  mm.  ’  In  general,  the 
loader  length  used  (tg)  was  55%£  or  less. 
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The  few  variations  In  the  general  procedures,  described  above,  will  be 
described  later  in  the  appropriate  experimental  section. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 

This  section  will  be  divided  into  three  parts:  PRESSED  EXPLOSIVES, 

TNT  BASED  CAST  EXPLOSIVES  and  CAST  PLASTIC  BONDED  EXPLOSIVES. 

PRESSED  EXPLOSIVES 

Detailed  data  for  the  gas  loading  of  all  pressed  charges  are  given  in 
Table  A-l  of  Appendix  A.  Only  summary  tables  and  representative  figures 
will  be  presented  in  the  body  of  the  report. 

Figure  1  shows  a  typical  set  of  records  for  a  pressed  charge,  in  this 
case  68.9%  TMD  RDX  with  a  19.8  mm  loader.  In  the  figure,  there  is  a  mildly 
accelerating  flame  or  IP  front  (-0.3  mn/ys)  followed  by  the  first  detected 
compressive  front  (1.3  mm/us)  and  the  detonation  front  (6.85  mm/ps).  Additional 
parameters  that  are  measured  from  these  data  are  the  predetonation  column 
length,  i'  =  i  -  £g,  where  i  is  the  x  location  of  the  onset  of  detonation, 
is  length  of  loader  column,  and  i  and  are  both  measured  from  the  igniter/ 
loader  interface.  Various  time  intervals  are  also  measured.  Thus,  Atp  is 
relative  time  to  detonation  from  ionization  pin  response  at  x  *  28.7  mm. 
Similarly  Atp  is  relative  time  to  passage  of  the  compression  wave  at  the 
same  pin  location.  Finally 


Atg  =  Atp  r  Atp 

would  represent  the  relative  time  to  detonation  after  the  compression  wave 
had  passed  the  location  x  =  28.7  mm. 

In  using  the  above  formula  to  compute  At^,  it  is  necessary  to  have  a 
common  zero  on  the  time  scales.  For  example,  if  a  short  extrapolation  is 
made  of  the  IP  curve  to  x  *  29  mn,  the  new  zero  time  value  must  also  be 


S 
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used  In  determining  ^®Atp.  Instead  of  using  the  formula*  the  time  Interval 
between  ^®Atp  and  the  onset  of  detonation  can  be  measured  directly  on 
whatever  time  scale  discharge  of  the  triggering  probe  produces. 

Figure  lb  shows  the  strain  gage  locations  and  records  for  this  shot. 

It  Is  from  this  figure  that  the  data  for  the  compressive  wave, l.e.,  times 
of  pressure  excursions,  are  obtained. 

Table  1  contains  the  summary  data  from  five  different  charges  at  70% 
theoretical  maximum  density  (TK>)  subjected  to  the  same  length  of  auxiliary 
gas  loader  (ig-20  mm,  70%  TMD).  The  charges  vary  in  sensitivity  to  DDT 
from  those  which  exhibit  transition  under  self-loading  (e.g.,  70%  TMD  RDX) 
to  those  that  do  not  (70%  TMD  TNT  and  Expl  D).  It  Is  evident  from  the 
tabulation  that  the  predetonation  column  length  (z‘)  does  not  correlate 
well  with  Atp  or  Atp,  but  seems  to  show  the  same  trend  as  does  Atg  (time  to 
detonation  relative  to  time  of  passage  of  the  compression  wave  at  x-28.7  mm). 
Figure  2a  confirms  the  fact  that  either  *'  or  At£  gives  the  same  sensitivity 
rating  for  tht^e  five  70%  TMD  charges  (four  explosives).  The  TNT  and  ground 
tetryl  (160  ps)  values  do  not  appear  to  be  significantly  different. 

Table  <:  contains  the  summary  data  for  88%  TMD  charges  subjected  to  the 
same  gas  loader  Ug-19  ran,  88%  TMD)  and  Figure  3  shows  a  typical  record  for 
DDT  under  gas  loading  of  an  88%  TMD  charge  of  470  pm  tetryl.  Although  the 
elements  of  this  figure  are  the  same  as  those  of  Figure  1,  the  arrangement  Is 

somewhat  different.  In  particular,  for  the  four  shots  from  which  strain  gage 

records  were  obtained,  the  compressive  front  paralleled  the  IP  front  from 
the  discharge  of  the  third  Ionization  probe  on  to  the  transition  point 
(see  Figure  3a).  Moreover,  In  three  out  of  the  other  four  shots,  the 
pressure  front  preceded  the  IP  front  by  8,  6,  and  7  ps  (Shots  714,  510, 

and  608,  respectively).  It  followed  In  the  70%  TMD  charges,  but  In  both 

cases  It  originated  In  the  gas  loader  region.  To  obtain  an  estimate  of  AtE 
for  Shot  716  (no  SG  record).  It  was  assumed  that  the  pressure  front  preceded 
the  IP  front  by  the  average  (7ps)  and  paralleled  the  line  connecting  the 
3rd  and  4th  (x,t)  pairs. 
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TABLE  2.  EXPERIMENTAL  RESULTS  AT  88X  TMD  WITH  19  m  LOADER 
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19.1  mm  88.1%  TMD  94/6  RDX/WAX  ON  87.6%  TMD  COARSE  TETRYL  (SHOT  714) 
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The  data  of  Table  2  are  plotted  t*  vs  Atg  In  Figure  2b.  Again  either  *' 
or  Atg  will  rate  the  explosives'  sensitivity  the  same  way  although  91/9 
RDX/wax  and  470  ym-tetryl  are  not  significantly  different,*  Only  Expl  0 
(ammonium  pi crate)  and  TNT  appear  In  both  parts  a  and  b  of  Figure  2.  Their 
quantitative  rating  at  70%  TMD  seems  to  differ  from  that  at  88%  TW).  This 
Is  not  surprising  since  we  have  found  In  waxed  RDX,^*^*8’^  waxed  HMX,^’8 
tetryl,8*9'10  and  picric  acid8*9,10  (presumeably.  In  general)  that  a  change  in 
porosity  affects  both  i  (or  *')  and  AtE,  but  in  different  manners.  Hence  a 
change  in  %TMD  will  affect  the  *'  versus  Atc  relationship;  surprisingly,  it  remains 
linear.  However,  the  linearity  might  disappear  If  a  greater  number  of  HEs 
were  examined. 
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Thus  Figure  2  gives  us  two  different  scales  of  sensitivity  for  two 
different  degrees  of  compaction  of  the  charges.  To  be  sure,  Expl  D  Is  less 
sensitive  than  TNT  on  both,  but  not  by  the  same  amount.  How  the  two  scales 
are  related  Is  unknown.  We  could  have  avoided  using  either  t'  or  Atg  by 
determining  the  critical  loader  length,  *gcrit  for  each  charge.  The  rating 
would  then  be  given  by  the  critical  values,  each  of  which  would  require  two 
or  more  shots  for  a  determination.  However,  this  would  not  suffice  to  compare 
charges  of  two  different  degrees  of  compaction.  To  do  this  we  must  abandon 
the  experimental  design  of  the  same  degree  of  compaction  of  loader  and  test 
explosive.  Instead,  the  more  highly  compacted  loader  Is  used  for  both  charges. 

(This  Is  based  on  the  assumption  that  sensitivity  to  DDT  decreases  with 
decreasing  permeability  and  active  surface  area  as  it  does  for  Explosive  D1). 
Then  the  £g  values  should  serve  to  rate  charges  of  various  compactions 
as  long  as  the  range  In  sensitivity  Is  not  too  great. 
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Table  3  summarizes  the  data  obtained  on  the  remaining  pressed  charges 

tested.  They  are  arranged  In  four  groupings  within  which  zg  has  been  varied. 

In  view  of  this*  all  data  (Atp  and  Atg  as  well  as  z')  have  been  measured 

from  the  loader/explosive  Interface;  the  superscript  "I"  Indicates  this  for 

the  relative  times.  Only  one  grouping  has  enough  data  to  bracket  tgcr^ 

and  that  Is  the  first.  To  Induce  a  transition  to  metastable  detonation 

(see  Tables  3  andA-l)of  88%  TWO  TNT,  z„cr1t  Is  less  than  9.5  m  of  88%  TMD 

9  cri  t 

94/6  RDX/wax;  to  Induce  transition  to  steatty  state  detonation,  9.5  <  zg 

<  19.1  mm.  However,  these  values  only  apply  to  88%  TMD  loader,  and  are 

therefore  Inadequate  for  a  quantitative  evaluation  of  sensitivities  at  higher 

degrees  of  compaction.  We  learn  more  qualitatively  about  sensitivity  and 

more  rapidly  with  the  indices  of  z*  and  Atg. 

It  is  evident  from  the  data  of  Table  3  that  gas  loading  affects  z'  and 

*Atg  the  same  way,  l.e.,  increasing  zg  decreases  both  z'  and  *Atg.  This 

confirms  the  results  of  Refs.  1  and  2  as  does  the  fact  that  TNT  is  more  sensitive 

than  Expl  D  to  DDT  at  any  given  %TMD.  The  data  for  88%  TMD  TNT  suggest 

that  z'  stays  constant  at  z„  >  19.1  mm.  This  seems  improbable  in  view  of 

9  i  29 

the  results  found  on  70%  TMD  Expl  DA  (*'  and  Atg  were  153  mm  and  107  ys 
for  Zg  *  19.6  mm  and  125  mm  and  94  ys  for  zg  *  29.8  mm.)  The  next  question 
Is  whether  Shot  510  or  617  is  more  likely  to  be  mlsrepresentatlve.  In  view 
of  the  fact  that  the  data  of  Shot  510  seemed  consistent  with  the  data  of 
several  other  88%  TMD  explosives,  the  data  of  Shot  617  are  suspect. 

Consequently,  the  values  in  parentheses  for  Shot  617  are  for  linear  extra¬ 
polation  of  the  z'  vs  zg  and  *Atg  vs  zg  curves  defined  by  the  two  shorter 
loaders.  Of  course,  this  approximation  assumes  that  transition  to  metastable 
detonation  and  to  steady  state  detonation  lie  on  the  same  curve.  That  may 
not  be  so,  but  the  extrapolated  values  show  the  expected  trend  and  are 
consistent  with  that  found  for  70%  TMD  Expl  D1. 


EXPERIMENTAL  RESULTS  ON  OTHER  PRESSED  CHARGES 
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He  can  conclude  that  at  £g  «  19  mm.  Increasing  the  %TMD  from  88  to  94% 
for  TNT  and  Expl  D  results  In  a  marked  Increase  In  £'  and  *AtE  for  both 
HE  (94%  TW  Expl  D  failed  to  transit  with  tg  =  60  mm).  The  same  conclusion 
can  be  drawn  for  ig  *  28.6  mm  provided  the  extrapolated  values  are  accepted 
for  Shot  617.  This  trend  would  certainly  be  expected  with  the  loss  of 
voids  and  the  approach  to  TMD.  However,  If  the  values  of  70%  TWO  TNT  are 
added  to  the  series  of  £g  -  19  mm,  a  reversal  between  70  and  88%  TMD  occurs. 

This  might  be  attributed  to  the  different  effects  of  compaction  on  the  two 
variables  (already  discussed)  or  to  error  In  one  of  the  two  measurements. 

TNT  BASED  CAST  EXPLOSIVES 

Sel f- Loaded 

In  the  case  of  cast  explosives,  we  examined  the  behavior  under  self-loading 
prior  to  using  a  gas  loader.  Cast  50/50  pentollte  was  chosen  for  this  purpose 
because  we  had  already  established  that  It  exhibited  DDT  and  that  cast  Comp  B 
and  cast  TNT  did  not  under  experimental  conditions  similar  to  our  regular 
configuration.3 

Thirteen  charges  of  pentollte  were  examined:  seven  In  a  regular  tube 
(16  mm  dla)  and  six  In  a  larger  tube  (25  mm  dia.).  Detailed  data  for 
five  of  these  shots  are  given  In  Table  A-2;  Table  4  is  a  summary  table  of  all 
the  shots.  As  those  data  show,  two  shots  failed,  and  one  showed  transition 
to  a  metastable  rather  than  a  steady-state  detonation.  Positive  results 
from  the  remaining  ten  Indicate  no  detectable  difference  between  two  different 
pentollte  batches  (X731  and  X887)  and  between  the  presence  or  absence  of 
an  end  closure  on  these  charges.  In  addition,  the  castings  In  the  regular 
tube  behaved  far  more  reproduclbly  than  those  In  the  large  tube.  For 
example,  the  predetonation  column  length  %  varied  from  176  to  194  mm  (Av.  185) 

In  the  former,  and  from  118  to  285  mm  (Av.  191)  In  the  latter.  The  greater 
variability  of  pentollte  cast  In  the  larger  tubes  might  well  arise  from  the 
resultant  change  In  the  cooling  schedule  during  solidification.  So  too  might 
the  unusually  long  delay  In  Ignition  observed  In  Shot  1508  (see  Appendix). 


TABLE  4.  RESULTS  ON  SELF-LOADING  OF  CAST  50/50  PENTOLITE  CHARGES 
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IP  data  can  only  define  region  between  successive  probes  containing  onset,  b.  Metastable 
detonation  (2.2  mm/ ys) omitted  from  average,  c.  Negative  result  omitted  from  average. 

Charge  length  of  410  mm  instead  of  standard  295  mm.  e.  i  from  tube  used  when  IP  range  not 
obtained. 
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In  Table  4,  the  value  of  i  from  tube  fragment  markings  and  from  the 
Interval  between  probes,  within  which  onset  of  detonation  occurred,  are 
both  given  when  available.  This  was  done  because  there  are,  atyplcally, 
apparent  disagreements  between  the  two  (Shots  1413  and  1414).  From  the 
distance-time  plot  of  these  shots  (Figure  A- 13  and  Figure  4),  It  Is  evident  that 
the  most  probable  values  of  i  are  181  mm  (see  Appendix)  and  136*  mm, 
respectively. 

Figure  4  is  typical  of  DDT  in  cast  pentollte  under  self-loading.  The 
first  event  is  formation  of  an  ignition  driven  (IP)  front.  It  ii,  followed 
by  a  front,  outlined  by  the  response  of  SGs,  arising  in  the  ignitor  region 
and,  in  this  case,  already  at  shock  velocity.  This  front  typically  merges 
with  the  detonation  portion  of  the  IP  curves.  Hence  onset  occurred  close  to 
x  =  136  mm  in  this  shot.  The  DDT  mechanism  seems  quite  similar  to  that  found 
for  porous  charges.6*7 

In  Figure  4  as  in  many  other  distance-time  illustrations,  there  is  more 
than  one  point  for  the  pressure  excursion  at  several  SG  locations.  An 
excursion  is  a  sharp  change  in  slope,  generally  an  increase.  But  in  the 
case  of  cast  pentolite,  tube  stretching  caused  by  strong  chemical  reaction 
or  strong  axial  shock  fronts  or  both  result  in  formation  of  minima  in  the 
SG  records.  The  exact  point  to  read,  e.g.,  the  minimum  or  level  just 
preceding  it,  is  in  doubt.  We  have  recorded  the  readings  for  all  reasonable 
possibilities. 


For  this  shot  the  driving  reaction  has  been  sufficiently  vigorous  to 
overboost  the  pentollte;  thus  the  detonation  front  travels  about  50  mm  at 
9.8  mm/ys  before  it  settles  to  a  steady  state  value  of  7.2  mm/ys. 

♦This  value  was  obtained  from  the  time  of  the  last  SG  excursion  which  fell 
on  the  extrapolated  detonation  curve.  However,  the  time  difference  between 
this  point  and  that  for  the  SG  19  mm  away  was  about  one  ys.  Such  a  small 
difference  is  undoubtedly  caused  in  part  by  error  in  reading  the  curves, 
but  it  also  indicates  the  possibility  that  detonation  onset  might  have 
been  118  +  3  mm. 
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The  difference  between  the  most  probable  average  values  of  £,  185  mm 
and  207  mm  for  regular  and  large  tubes,  respectively,  amounts  to  122.  In 
view  of  the  scatter  qf  data  in  the  large  charges,  122  is  probably  the  order 
of  magnitude  of  the  experimental  error;  it  is  certainly  a  lesser  order  than 
the  562  Increase  in  tube  size.  Thus  the  values  for  the  regular  and  larger 
tube  do  not  differ  significantly.  Me  conclude,  therefore,  that  DDT  phenomena, 
under  self-loading  of  cast  pentolite,  do  not  scale. 

The  only  other  cast  HE  of  this  group  tested  by  self-loading  was  cast 
H-6.  It  failed  to  transit  to  detonation.  The  data  appear  In  Table  A-3; 
their  plots  in  Figure  A-15. 

Gas  Loaded 

Table  A-4  contains  the  data  obtained  from  gas  loading  of  TNT  based  cast 
explosives.  Since  loader  and  test  material  cannot  both  be  cast  into  the  tube 
to  form  known  compositions  on  either  side  of  a  planar  Interface,  it  was 
decided  to  use  high  density  (ca  952  TMD)  pressed  94/6  RDX/wax  as  the  loader. 
The  test  explosive  is  cast  into  the  tube  with  a  metal  spacer  In  the  gas 
loader  position.  When  the  test  material  has  hardened  and  the  tube  has  been 
conditioned  at  25°C,  the  loader  can  be  Inserted  Into  the  cavity  provided 
by  the  spacer.  The  isostatically  pressed  loader  is  machined  Into  a  cylinder 
of  the  desired  size  (16.2  mm  dla).  The  curved  surface  of  the  cylinder  is 
then  covered  with  a  thin  layer  of  an  uncured  polyurethane  (PU)  mixture. 

The  loader  cylinder  is  then  "slipfit"  Into  the  metal  tube  (ID  16.3  mm) 
with  care  to  avoid  trapping  any  PU  at  the  loader/explosive  interface;  PU 
at  the  ignitor  end  of  the  cylinder  is  avoided  by  glueing  the  gas  loader  and 
ignitor  together  before  applying  the  PU.  Cure  time  at  room  temperature  for 
this  PU  is  24  hours.  After  that  Interval,  the  annular  space  between  the 
gas  loader  and  the  metal  tube  is  filled  with  solid;  this  eliminates  any 
possible  "flashdown"  from  the  Ignitor  toward  the  test  explosive. 


Preliminary  tests  showed  that  our  usual  column  length  of  295  mm  (loader 
plus  test  HE)  was  inadequate  to  produce  a  transition  in  cast  Comp  B  (60/40/1, 
RDX/TNT/wax).  Consequently,  a  column  length  of  410  mm  (tube  length  of  457  mm 
or  18  in.)  has  been  used  for  most  of  the  shots  on  cast  HE.  Even  so.  Comp  B 
is  the  least  sensitive  cast  HE  on  this  sensitivity  scale.  TNT  failed  to 
transit  and  is,  therefore,  off-scale. 

Table  5  is  a  summary  table  of  the  results  obtained  in  the  regular  (i.e. 

16  mm  ID)  tube.  Figure  5  illustrates  the  DDT  behavior  of  gas  loaded  pentolite 

(Shot  908)  in  contrast  to  self-loaded  (Figure  4).  In  the  case  of  auxiliary 

loading,  the  SG  records  also  show  minima,  and  the  first  SG  front  follows 

the  IP  front.  However,  the  SG  front  overtakes  the  IP  front  about  20  us  later 

and  thereafter  precedes  it.  Transition  occurs  at  119  mm  and  42.5  ys  (referred 

to  IP  at  42  mm).  The  value  =  119  -  40  =  79  mm  is  that  comparable  to  i 

under  self-loading;  i.e.,  it  is  the  distance  the  disturbance  has  run  to  the 

onset  of  detonation  in  the  acceptor.  The  average  predetonation  column  length 

sl  in  the  regular  tube  under  self-loading  was  185  mm;  the  average  time  to 
42 

detonation  Atp  (4  tubes)  was  230  ys  and  was  not  very  reproducible.  The 
40  mm  of  95%  TMD  96/4  RDX/wax  has  considerably  reduced  both  predetonation 
column  length  and  relative  time  to  detonation  for  cast  pentolite. 

Figure  6  illustrates  DDT  for  cast  cyclotol  75/25  with  60  mm  of  the 
loader.  As  in  the  case  of  pentolite,  the  SG  front  precedes  the  IP  front, 
and  the  SGs  show  minima  which  deepen  as  the  front  progresses.  Both  of 
these  phenomena  were  observed  in  all  loaded  cast  HE  -  even  those  that 
failed  to  transit  (see  Appendix). 

Finally,  Figure  7  shows  the  trend  vs  ig  for  the  three  cast  HE  which 

exhibited  DDT;  it  is  the  usual  decrease  of  i'  with  increase  of  £g.  It  is 

quite  evident  that  in  order  of  decreasing  sensitivity  the  castings  are  pentolite 

cyclotol,  and  Comp  B.  A  quantitative  ordering  can  be  obtained  by  using  a 

cri  t  • 

50  or  60  mm  loader  length  and  measuring  or  by  determining  ng  in 
each  case.  Negative  results  were  obtained  with  a  60  mm  loader  on  cast  TNT. 
Evidently  the  experiment  must  be  further  modified  to  obtain  a  scale  covering 
this  less  sensitive  casting. 


TABLE  5.  RESULTS  OF  GAS  LOADING  OF  CAST  EXPLOSIVES  IN  REGULAR  TURE 


,  IT'' 
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A  comparison  of  a'  vs  AtE  was  made  for  pressed  explosives  with  a  constant 
loader  length.  In  that  case  the  time  was  relative  to  the  discharge  time  of 
an  IP  beyond  the  end  of  the  loader.  In  order  to  make  a  similar  comparison 
for  cast  explosives  with  different  loader  lengths,  AtE  has  been  determined 
relative  to  the  time  the  SG  curve  reaches  the  interface  between  the  loader 
and  test  explosive.  It  is  designated  *AtE  in  Table  5  and  was  obtained  by 
extrapolating  the  SG  curve  back  to  that  interface.  As  Fig.  8  shows,  there  is 
evidently  a  correlation  with  a'  of  the  time  interval  between  passage  of  the 
SG  wave  and  the  onset  of  detonation  (*AtE).  Data  for  Comp  B  and  cyclotol 
75/25  (5  points)  fall  on  a  straight  line.  The  single  point  for  pentolite 
falls  below  the  extrapolation  of  that  line.  That  could  result  from  (1) 
experimental  error,  (2)  curvature  of  the  line  to  go  through  the  origin, 

(3)  a  different  curve  for  RDX/TNT  combinations  from  that  for  PETN/TNT,  or 
some  combination  of  the  three.  (The  slope  of  the  Figure  8  curve,  -1.8  mm/pS, 
gives  a  reasonable  plastic  wave  velocity  for  these  TNT  based  explosives.) 

In  Table  6,  data  are  given  for  75/25  cyclotol  and  Comp  B  tested  at 
two  diameters:  16.2  and  25.4  mm.  Unfortunately,  the  length  of  the  larger 
tube  was  not  scaled  up  with  the  diameter  because  the  self- loaded  pentolite 
indicated  that  the  phenomena  did  not  scale.  With  a  50  mm  gas  loader,  however, 
the  gas  loading  appears  to  dominate  the  DDT  and  in  the  case  of  75/25  cyclotol, 
both  a'  and  *AtE  seem  to  scale  with  the  ID.  In  the  case  of  Comp  B,  the 
result  is  inconclusive  because  the  larger  diameter  tube  was  too  short. 

The  16.2  mm  dia  tube  exhibited  DDT  at  A1  *  311  mm.  If  it  scales  as  did  the 
cyclotol,  in  the  larger  diameter  a  should  be  311  x  =  488  mm  or 
a  =  538  mm.  If  the  tube  had  been  scaled  in  effective  length,  a  positive 
result  might  have  been  obtained,  but  with  an  effective  tube  length  of  only 
410  mm,  a  failure  would  be  predicted  and  was  observed.  Should  further 
testing  show  that  gas  loading  scales,  that  result  would  imply  that  there 
exists  some  critical  combination  of  values  in  the  p  vs  t  and  dp/dt  vs  t  curves 
beyond  which  the  DDT  process  would  scale.  In  other  words,  without  the  slow 
processes  of  ignition  and  low  pressure  combustion,  DDT  might  scale. 
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FIGURE  8.  RELATIONSHIP  BETWEEN  V  AND  Atg  FOR  GAS  LOADED  CAST  EXPLOSIVES 
(  O  1^*40 mm.  D  ig- 50 mm,  A  f -  60  mm) 
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The  present  results,  compared  to  those  for  pressed  charges,  make  It 
very  clear  that  good  castings  will  be  far  less  sensitive  to  DOT  than  pressed 
charges.  Thus  TNT  at  94*  TMD  showed  a  transition  with  19  mm  TMD  loader  at 
94%  TMD  (Table  3)  and  cast  TNT  (98%  TMD)  failed  to  transit  under  60  mm  95% 

TMD  loader  or  over  three  times  the  amount  of  96/4  RDX/wax.  Both  pressed 
and  cast  pentolite  50/50  at  97%  TMD  are  more  shock  sensitive  than  pressed 
91/9  RDX/wax  at  83-96%  TMD.^  But  cast  pentolite  requires  a  gas  loader  of 
40  mm  of  95%  TMD  before  Its  predetonation  column  length  Is  reduced  to  that 
of  88%  TMD  91/9  RDX/wax  produced  under  a  19  mm  loader.  Since  cast  pentolite 
Is  more  shock  sensitive  than  88%  TMD  91/9  RDX/wax,  there  must  be  another 
factor  that  makes  It  less  sensitive  to  DOT.  An  obvious  factor  differentiating 
cast  and  pressed  HE  Is  the  available  reactive  surface  area.  Hence  with  all 
other  factors  the  same,  pressed  charges  would  be  expected  to  exhibit  DDT 
more  easily  than  cast  because  they  have  more  burning  surface  and  thus  produce 
more  gas  products  and  greater  pressure  buildup  in  less  time. 

These  results  do  not  guarantee  that  a  shell  filled  with  any  cast  HE 
will  be  less  sensitive  than  a  press  filled  charge.  The  sensitivity  to  DDT 
will  be  determined  by  both  chemical  and  physical  factors.  In  the  latter, 
the  more  Important  are  permeability  (near  zero  In  the  original  casting) 
and  the  surface  available  for  burning;  that  can  be  minimized  In  a  casting 
only  by  avoiding  cracks  and  annular  spaclngs  resulting  from  large  volume 
changes  during  cooling  or  setting  of  the  charge. 
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CAST  PLASTIC  BONDED  EXPLOSIVES 
Sel f- Loaded 


Only  two  cast  plastic  bonded  explosives  were  tested  under  self-loading, 
and  this  was  done  in  the  large  tubes  (25.4  mm  ID  and  410  mm  HE  column).  Two 
charges  of  PBXW  1081  and  one  of  AFX  108  failed  to  transit  under  these  conditions 
Moreover  both  IP  and  SG  records  were  very  poor  or  missing.  The  end  results 
of  these  shots  will  be  qualitatively  described,  but  the  fragmentary  data 
will  not  be  tabulated.  Table  7  describes  these  shots  and  Figure  9  shows  the 
tubes  recovered  after  them. 

Both  PBXW  1081  and  AFX  108  had  to  be  vacuum  loaded  into  the  confining 
tube.  Because  the  loading  apparatus  could  not  handle  the  large  steel  tubes, 
we  used  a  thin  walled  (0.71  mm)  steel  tube.  This  tube  was  subsequently 
potted  in  the  larger  tube  with  polyurethane;  thus  any  annular  space  for 
"flashdown"  of  hot  combustion  gases  from  the  ignition  area  was  avoided. 
Dimensions  of  the  completed  composite  were  24.1  mm  I.D.,  76.2  mm  O.D., 
ratio  of  0.316.  X-rays  were  obtained  prior  to  the  pottinq  and  had  far  better 
definition  than  those  taken  in  the  thick  walled  tube. 

Gas  Loaded 


Table  A-5 contains  the  detailed  data  for  gas  loaded  PBXN  103  (Fig.  10) 
and  PBXN  106  (Fig.A-24).  Both  failed  to  show  a  transition  as  did  a  repeat 
shot  on  PBXN  106  (Shot  1707)  the  data  of  which  have  not  been  displayed; 
they  seemed  very  erratic,  possibly,  because  of  an  odd  breakup  of  the 
confining  tube.  In  Shot  1704  (Fig.A-24).  the  tube  split  longitudinally  and 
the  IP  data  gave  a  reasonable  trend,  but  in  Shot  1707  the  tube  burst  was 
very  asymmetric;  the  IP  data,  erratic. 

The  gas  loaded  (ag  =  60  mm)  PBXN  103  produced  IP  and  SG  records  very 
like  those  of  gas  loaded  Comp  B  Ug  =  50  mm,  Fig.A-18and  tg  =  60  mm. 

Fig.  A- 19)  in  that  IP  data  and  SG  excursions  mapped  out  about  the  same  front. 
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and  minima  appeared  at  the  second  strain  gage  station  and  increased  in  dcycn 
with  increasing  x.  The  growing  reaction  indicated  by  these  minima  appeared 
about  200ys  later  than  that  for  Comp  B,  and  the  IP  front  velocity  was  2.1  mm/ys 
rather  than  the  2.4  -  2.8  mm/ys  of  Comp  B.  The  PBXN  103  records  are  also 
similar  to  those  of  TNT,  which  also  failed  to  transit  under  gas  loading 
(Figs.A-20  andA-21).  The  SG  minima  for  TNT  appeared  later  than  those  for 
Comp  B  but  earlier  than  those  for  PBXN  103.  However,  once  they  appeared, 
the  depths  of  the  minima  from  PBXN  103  increased  much  more  rapidly  than 
those  from  TNT.  This  suggests  that  the  reaction  is  harder  to  start  in  PBXN  103 
but,  once  started,  it  seems  to  grow  as  rapidly  as  that  in  Comp  B  and  more 
rapidly  than  that  in  TNT.  From  the  present  results  we  suggest  that  the 
loading  most  resistant  to  DDT  is  a  cast  material  of  negligible  volume  change 
on  solidification  and  sufficiently  rubbery  to  avoid  cracking  under  rough 
handling;  its  explosive  components  should,  of  course,  be  relatively 
insensitive. 


GENERAL  CONTROL  PROBLEMS 

The  transitional  portions  of  the  DDT  process  are  neither  equilibrium 
nor  steady-state  behaviors;  they  are  therefore  difficult  to  reproduce. 
Moreover,  the  physical  factors  (e.g.  initial  particle  size,  permeability, 
etc.)  have  a  very  large  effect  on  the  results.  Consequently,  we  X-ray 
each  charge  before  instrumenting  it.  To  be  sure,  this  is  not  an  extremely 
sensitive  test,  but  we  can  be  sure  that  if  it  detects  cracks,  density 
gradients  or  other  heterogeneities,  the  charge  should  not  be  fired. 

From  the  past  experience  with  pressed  charges,  we  estimate  the  scatter 
of  the  data  in  any  given  investigation  of  trends  to  be  of  the  order  of 
magnitude  of  ±10%.  This  is  also  the  size  suggested  by  the  apparent 
reversals  in  sensitivity  of  88%  TMD  tetryl  vs  88%  TMD  91/9  RDX/wax,  according 
to  whether  i'  or  At^  is  used  for  rating.  (See  Table  2).  The  difference 
between  these  two  HEs  at  88%  TMD  is  considered  experimentally  insignificant. 
Similarly,  at  70%  TMD  the  difference  between  TNT  and  ground  tetryl  seems 
insignificant.  (See  Table  1). 
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We  have  not  yet  run  enough  tests  on  cast  HE  to  estimate  the  scatter, 
but  the  large  role  played  by  the  physical  form  of  the  charge  is  still 
very  evident.  Thus  In  an  attempt  to  Increase  the  range  to  Include  less 
sensitive  materials,  we  tried  Increasing  the  charge  diameter  (ID/OD  of  the 
confining  tube  was  kept  constant).  But  this  Increased  the  solidification  time 
of  the  charge  which,  of  course,  affected  Its  crystal  size.  The  results 
from  the  series  of  cast  pentolite  charges  certainly  indicate  a  scatter 
larger  than  that  for  pressed  charges  If  the  confining  tube  is  25  mm  dia. 

(See  Table  4). 

It  should  be  emphasized  again  that  the  present  results  reflect  the 
present  experiment.  It  is  carried  out  under  very  high  confinement  and 
charge  support..  Many  uses  of  both  explosives  and  propellants  are  under 
little  or  no  confinement  and  with  little  physical  support.  In  fact,  some 
damaging  effects  result  from  a  charge  breakup  which  is  largely  avoided  in 
the  present  experiment.  Hence  the  present  results  offer  guidance  to 
sensitivity  to  DDT,  but  their  rating  Is  not  necessarily  that  which  will  be 
found  in  applications. 

Finally,  any  test  development  of  this  method  should  explore  the  effect 
of  varying  test  conditions:  length,  diameter,  finish,  and  yield  strength 
and  confinement  (ID/OD)  of  tube.  In  addition,  an  Investigation  should  be 
made  of  variations  in  charge  preparation:  (1)  pressing  by  increments  into 
the  tube  vs  isostatic  pressing,  machining  and  potting  of  the  charge  and 
(2)  change  in  rate  of  cooling  of  cast  charges  with  tube  diameter. 

SUMMARY  AND  CONCLUSIONS 

Five  explosives,  pressed  to  70%  TMD,  with  a  20  mm  loader  (also  at  70% 

TMD)  showed  a  linear  correlation  between  their  predetonation  column  length 
U')  and  Atg  (time  to  detonation  relative  to  time  of  passage  of  the  compression 
wave  at  x  -  29  mm).  Under  these  conditions,  the  rating  in  order  of  decreasing 
sensitivity  to  DDT  was  RDX,  (ground  tetryl  and  TNT),  and  Explosive  D. 
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Five  explosives  pressed  to  88%  TMD  with  a  19  mm  loader  (also  at  88%  TMD) 
also  showed  a  linear  (but  different)  correlation  between  i'  and  At£.  The 
order  in  this  case  was:  (coarse  tetryl  and  91/9  RDX/wax),  TNT,  95/5  TNT/wax, 
and  Expl  D. 

This  work  produced  two  quantitative  but  different  sensitivity  scales, 
one  for  each  of  the  two  degrees  of  compaction.  Except  for  the  enhancement 
of  pressure  and  pressure  buildup  in  the  early  stages  caused  by  the  gas  loader, 
all  the  pressed  HE  examined  seemed  to  follow  the  same  mechanism  each  exhibited 
under  self-loading.  Those  which  did  not  show  DDT  under  self-loading,  seemed 
to  follow  the  transitional  mechanism  first  described  for  91/9  RDX/wax.6*^ 

In  examining  TNT  based,  cast  explosives,  50/50  pentolite  and  H-6  were 
first  studied  under  self-loading.  H-6  failed  to  transit  but  pentolite  seemed 
to  follow  a  DDT  mechanism  similar  to  that  of  pressed  HE.  The  events  were, 
in  order,  passage  of  an  ignition  (or  IP)  front  followed  by  a  SG  front  which 
originated  in  the  ignitor  region  of  the  tube  and  merged  with  the  detonation 
front  outlined  by  the  downstream  IPs.  All  castings  exhibited  minima  formation 
in  the  strain- time  curves  and  progressive  growth  of  the  minima  according  to 
records  from  the  downstream  SGs;  this  was  also  true  of  those  cast  HE  which 
failed  to  transit  under  gas  loading,  e.g.,  cast  TNT.  (It  is  to  be  expected 
that  stress  waves  in  solids,  as  recorded  by  the  external  SGs,  will  differ 
from  the  internal  gas  pressures  of  the  very  porous  charges.) 

Gas  loading  was  carried  out  on  cast  pentolite,  cyclotol  75/25,  Comp  B  and 
TNT.  The  first  three  could  be  rated  quantitatively  with  linear  i'  vs  £g 
curves.  In  order  of  decreasing  sensitivity  they  were  pentolite,  cyclotol, 
and  Comp  B.  TNT  failed  to  transit  with  a  60  mm  loader  and  therefore  was 
off-scale. 

The  gas  loading  experiment  was  scaled  up  from  16  mm  ID  to  25  mm  ID 
(at  constant  ID/OD  ratio)  for  cyclotol  and  Comp  B.  The  experiment  seemed  to 
scale  although  earlier  work  on  self-loading  of  pentolite  did  not  scale. 


34 


t  m  •/< 


V*  fc«V*V«Ww *  *  A  AV.V  » 


NSWC  TR  83-330 


However,  only  a  few  shots  were  made  and  scatter  of  the  data  from  the  larger 
tubes  was  much  greater  than  that  obtained  from  the  regular  tubes.  This 
larger  scatter  may  Indicate  the  Importance  of  cooling  rate,  during  casting. 

In  affecting  charge  reactivity. 

Comparison  of  results  of  pressed  charges  with  cast  charges  led  to  much 
firmer  conclusions.  Good  castings  are  far  less  sensitive  to  DDT  than  pressed 
charges  of  the  same  HE  at  approximately  the  same  density.  This  Is  attributed 
chiefly  to  the  greater  amount  of  Internal  burning  surface  to  be  expected 
from  pressed  charges. 

PBXW  1081  (2  shots)  and  AFX  108  failed  to  transit  under  self-loading  In 
the  large  tubes  (25  mm  ID  and  410  mm  HE  column).  Gas  loaded  PBXN  106 
(2  shots)  and  PBXN  103  failed  to  transit  with  fcg  *  60  irm  although  the  records 
In  the  latter  case  were  quite  similar  to  those  of  Comp  B. 
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APPENDIX  A 


DETAILED  DATA  FOR  DDT  SHOTS 

Tables  A-l  to  A-5  contain  all  the  detailed  data  for  previously  unreported 
shots  on  gas  loading  of  pressed  charges  (Table  A-l),  self-loading  of  cast  charges 
(Tables  A -2  and  A-3),  and  gas  loading  of  cast  charges  (Tables  A-4  and  A-5).  Figs. 
A-l  through  A-24  display  data  for  those  shots  not  Illustrated  In  the  main  text. 

In  Figure  A-2,  the  gas  loading  of  tetryl ,  the  SG  records  are  consistent  with 
the  mechanism  described  for  tetryl .A"1  Only  mild  pressure  rises  appear  on  the 
first  three  SG  records.  On  the  88.4  and  107.8  mm  gages,  however,  the  mild  rise  Is 
followed  by  a  very  sharp,  exponential -like  rise  as  the  onset  of  detonation  (&'  * 
110  mm)  Is  approached.  The  plateaus  are  like  those  observed  In  the  gas  loading  of 
porous  charges  and  are  associated  with  compaction.  The  rearward  traveling  wave 
could  be  shock,  retonatlon,  or  a  disturbance  traveling  through  the  confining  tube. 

In  Figure  A-4,  Indicates  a  predetonation  run  length  to  a  metastable 

detonation  (D  =  4.9  mm/ys)  as  compared  to  the  steady  state  value  of  7.0  mm/ys 
shown  in  Figure  A-5. 

Figure  A-10  shows  two  apparent  fronts  for  the  pressure  excursions.  This 

results  from  the  difficulty  in  selecting  the  location  when  SG  records  show  well 

developed  minima,  as  is  the  case  here  with  94%  TMD  Expl  D  under  a  60  mm  column 

of  gas  loader.  (Minima  began  to  develop  in  gas  loaded  88%  TMD  Expl  D  e.g., 

Figure  A-8.  Subsequent  records  show  that  such  minima  are  characteristic  of 

cast  HE.  It  may  be  that  stress  propagation  from  gas  loading  is  similar  in  low 

porosity  pressed  charges  to  that  in  cast  HE.)  From  the  seven  possible 

locations  of  pressure  excursions  selected  from  Figure  A-lOb,  four 

Bemecker,  R.  R.,  Price,  D.,  Erkman,  J.  0.,  and  Clatrmont,  Jr.,  A.  R., 
"Deflagration  to  Detonation  Transition  Behavior  of  Tetryl,"  6th  Symposium 
(International)  on  Detonation.  ONR  ACR-221  (Washington,  D.  CT:  If.  S.  Gov. 
Print.  Office,  1978)  pp.  426-435. 
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could  be  chosen  to  draw  a  front  nearly  parallel  to  the  IP  front,  similar  to 
that  found  in  Figure  9a  (95Z  TMD  Expl  D  under  38  mm  gas  loader). 

Figure  A-ll  and  subsequent  ones  are  for  cast  HE.  Flqures  A-ll  to  A-14  and 
Figure  4  of  the  text  show  data  for  self-loaded  cast  pentolite.  All  show 
minima  In  the  SG  records  and  pressure  excursions  originating  in  the  Ignitor 
region  after  the  IP  front  has  passed.  The  compression  front  outlined  by  them 
seems  to  follow  the  buildup  process  30  -  100  u s  prior  to  the  onset  of  detonation 
thereafter,  the  detonation  front. 

As  mentioned  In  the  text,  there  was  a  discrepancy  In  determining  £  for 
Shot  1413  (FlgureA-120  and  Shot  1414  (Figure  4),  i.e.  tube  marking  data 
and  IP  data  appeared  to  differ.  The  "more  probable"  value  In  these  cases 
was  selected  on  the  basis  of  the  SG  curve  patterns.  Thus  Figure  A- 13b  showed 
very  late  development  of  minima  in  the  SG  curves;  there  was  only  one  prominent 
minimum  and  that  In  the  last  curve  from  the  SG  at  x  s  181  mm.  Moreover  the 
time  at  that  minimum  was  125  ys  as  compared  to  127  ys  at  181  mm  In  Figure 
the  x-t  diagram.  This  point  should  fall  on  the  detonation  portion  of  the  IP 
curve  as  shown  In  Fig.  A- 13  and  Is  therefore  the  preferred  value  in  the  range 
156-181  mm  for  the  adjacent  IPs.  Again,  from  the  SG  records.  Fig.  4b  shows 
a  very  prompt  appearance  and  progressive  strengthening  of  the  minima.  The 
last  gage,  at  137  mm,  has  Its  minimum  at  85  ys  and  falls  on  the  slightly 
extrapolated  IP  curve  In  the  over-boosted  detonation  region.  Hence  In  the 
IP  range  of  118-143  mm,  the  preferred  value  Is  137  mm.  Why  the  tube  markings 
show  different  values  in  these  two  cases  has  not  been  determined. 

Figure  A-14  shows  an  unusually  long  time  between  triggering  of  the  scopes 
and  evidence  of  reaction  -  probably  another  example  of  the  difficulty  of 
exactly  reproducing  cast  charges. 

Self-loaded  H-6  (Figure  A-l!)  has  SG  records  showing  a  strong,  late 
disturbance  (ca.  640  ys)  traveling  at  6.6  mm/ys  from  the  first  to  the  second 
gage,  but  It  has  disappeared  by  the  third  SG  at  232  mm  and  no  transition 
occurred. 

A-2 


Records  for  gas  loaded  cyclotol  (Figures  A-16b  and  A-17b)  showed  early 
development  of  minima  in  the  SG  records  and  also  a  transition.  In  Figure  A-17b 

there  is  an  inversion  in  the  80  and  131  mm  records  which  can  be  caused  by  a  base¬ 

line  shift  or  a  SG  malfunction.  The  two  possible  pressure  fronts  of  Figure  A-17a 
might  be  a  result  of  this  shift  since  both  Figure  5a  and  Figure  A-16a  show  only  one. 

Figure  A- 18 is  for  a  50  mm  column  of  loader  on  a  410  mm  column  of  Comp  B. 

Figure  A-18b  shows  inversions  in  the  SG  records  at  early  times  but  pressure 
excursions  falling  on  the  IP  curve  at  later  times.  DDT  did  occur  in  this 

case  but  only  after  a  run  at  2.8  mm/ys  on  the  last  4  IPs  before  the  last. 

FigureA-19  for  the  60  mm  loader,  however,  has  SG  records  of  a  more  usual 
type. 

Figures  A-20  andA-21  for  gas  loaded  cast  TNT  again  show  development  of 
minima  in  SG  records  although  transition  does  not  occur.  These  shots  are 
duplicates  except  for  tube  length.  Both  show  a  pressure  front  nearly 
parallel  and  preceding  the  IP  front,  and  the  same  final  IP  front  velocity  of 
about  2. 3-2.4  mm/ys.  Events  in  the  longer  tube  are  about  20yS  later  and  10  mm 
further  down  tube  than  analogous  ones  of  Figure  A-20a. 

Figure  A- 23 is  of  data  for  cast  Comp  B  with  a  50  mm  loader.  As  in  some 
other  castings,  the  SG  excursions  start  near  the  ignitor  in  the  gas  loader 
and  the  pressure  front  continues  uninterrupted  into  the  Comp  B.  However 
the  buildup  in  IP  front  velocity  is  small  and  slow;  despite  the  410  mm 
length  of  charge,  the  reaction  fails  to  transit. 

By  contrast  Figure  A-24  for  PBXN  106  shows  a  lack  of  continuity  in  the 
front  produced  by  the  pressure  excursions  in  the  gas  loaded  PBX.  However, 
the  SG  front  in  the  explosive  seemed  to  parallel  or  coincide  with  the  IP 
front;  the  latter  reached  the  same  velocity  (2.3  mm/ys)  it  attained  in  the 
Comp  B  at  a  somewhat  earlier  time.  It  too  failed  to  transit.  (In  this 
shot  the  SG  excursions  were  read  directly  from  the  original  Polaroid  records 
which  were  not  completely  read  and  plotted.) 


232  mm 


FIGURE  A-12.  SHOT  1603  ON  CAST  PENTOLITE  (~  97%  TMD) 


FIGURE  A-18.  DATA  FOR  50  mm  95%  TMD  94/6  RDX/WAX  ON  CAST  COMP  B  IN  AN  18  INCH  TUBE  (SHOT  1309) 
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TABLE  A-3.  SELF-LOADING  OF  CAST  H-6 


Shot  No. 

1209 

HE 

H-6  c 

0o 

-1.75** 

%TMD 

-97 

Loader 

None 

tg(wn) 

Po 

XTMD 

- 

IP  Data 

X 

t 

35.3 

0.0 

79.6 

203.1 

105.2 

195.8 

130.6 

221.5 

156.0 

242.8 

181.2 

260.9 

206.6 

283.1 

225.7 

310.2 

244.7 

- 

263.8 

- 

SG  Data 

X 

t 

20.4 

138.7,649.8 

73.3 

-  657.8 

124.0 

138.7 

174.8 

223.2 

231.9 

223.2 

i(mm) 

F  (no  dent) 

**py  *  1.80  g/cm3 


A- 33 


NSWC  TR  83-330 


°tOOO 
O  O  r-t 

i—  « 

<_>  ■  IV. 

>»n  on 


*  *  *  * 

POU»(OHOU)rH(Ort 

noo*a-Noi'^i'^oocDON 


o  oo 

■PWM 

o  m 

r— •  IV  » 
O  •  CX» 
>>r-t  CTi 

o 


.m^osroNHfoou^HOi 


xi-I  crvrvrocd^c^^OrHt-H  xlo  ol  o'  co  ud 

htNH^VOWH^-NCsirv  KVJNfOVOO 

r-H  1-H  T— 1  «-H  C\J  CVJ  C\J  CO  OO  «— IrHCSl 


in  in 
co 


4-»  * 

o  •  a> 

r—  H  0% 
U  »  ? 


♦  ***#*  +  ** 
nioN^oooomio 
•  •••••••• 

^■UlCOOlOHOOlflH 

c\ioo»*-mc>^oocoCT»o 


wioO'tcoMVDKrvco  t\no  n  co  o 

!••••••••••  !••••• 

iknounomrHioin^-ro  xk\J  in  o  ov 

p  n  o  ro  in  oo  o  <\Mf  io  )«-*  in  o  co  vo 

*— I  H  H  H  CVJ  CNJ  (VI  C\J  iH  H 


O  CO  X 

m  i-t  «o 

o  *  ^  o 

m  lo  in  x  o  io  o 

VO  •  Q  •  •  • 

Q)  •  VO  OC  O  rH  in 

4JHO^  *3-  O* 

•»-  VO 


*********** 

IO(rUn«)>JNO>ISOO 

ko  oo  ctn  no  no  oo  n  in  on  cn  1 


,r-icooocsjroror^.*-iuoo«s- 


Con 

ON  00  oo 

•  •  I 

eviOH 


ounfoio 


MOMHOlflHlONS  Xh<tNN 
<tl0  01Hf0U)00O(0U)  «-H  m  ON  n 

iH  H  H  H  CNJ  (V  CNJ  < — < 


c 

•r 

w* 

o» 

o°E^ 

00 

E 

O  +■» 

i.  - — '  NJ 

' - a  •» 

a»  E 

cna 

■a  E  OlQ 

uj  of 

0  ON  cl— 

x:  a« 

_l  ®*  Q.*« 

00  NO  O  H 

•  •  •  a 

*3“  O  NO  NO 

■  cm  oo  m 


coiONiHinoico^incooN  common 

laaaaaaa.aaa  I  a  a  a  a  a 

CkHOMOOOmONMfiCOH  XpOiHOlH 
iniStHatlOOCHlOONOlS  KNifv.n^J-00 

r-H  i — I  a-4  *-H  CNJ  C\J  CNJ  00  00  H  rH  a— 4 

* 

.*  *  *  *  ,o  oo  m  oo  <t3- 

b<nnajcNiHOoioifiniN  . 

. . -pkO  rHNCOCO 

peosoNMflMOinrts  k\i  «s-  co  r^. 

00  rn  I-*  00  ON  O  n  n  CNJ  CM 


0^  NO  NO  00  no 


i  cnj  oo  oo  in 

< - 4  CO  a 

NO 

NO 


CNJ  NO  00  00  o 


NSWC  TR  83-330 


y®| 

’a 


00 

CO 

rx 

x 

cr>  oo 
co  in  i-t 


vo 

o  vo  in 
•  •  • 
O  <-t  VO 
in  ov 


oo 

co 

rx 

x 

00 

00  «-« 
IX  • 
CL  •  O 
E  HO 

o  *-< 

o  » 


i—  00 

ON  « 

i—  •  vo 

V»H<JI 

& 


VO 

o  vo  in 


O  f*  VO 

in  cr> 


vtomooNvoo^Ho 

:  <-«  vnodvotslixcoooocvl 
wovooniflooo^s 

i-H<-H«VJCSJCM<MC0COC0 


o> 

c 

cu 

hx  0) 

CO  JO 

CO 

E  3 

E 

O  *-> 

i.—  u 

(U  E\ 

OVO 

T3  ”  0)0 

uj'“c^ 

O  ''oi~3f^ 

x  aw 

-j  <*  aM 

4c  4c 

gixixorxoo.-iooevi«u- 

vooocoovcsjcoinvo 
ONWOrtCOvt  invo 
rH  rH  rH  (\J  CVi  CVJ  CVJ  (VJ  CVI 


rxCMIXOlCOOlCOCOOOCO 

:kHinoovooovoi-irxcsIoo 

hfOVOOfONOCMlCN 

i-lr-ceVJCVJCMCOCOCOCO 


********** 
inorotvj^NwoHO 
•  ••••••«•• 

^•r^ir)cvjr^vovovo^*oo 

voc\jinr^.oo<T»Or-»csjoj 

rlHHi- <  vH  CM  CM  CM  CM 


iUDVO^tir>CSJVOO^-OOCVJ 

»•••••••••• 

ICT>O—C0V<-tV0CvJlxC\JC0 

NfooOHunrsocMmN 

c-o-HCMtMCVJCOCOCOCO 


*  *  in 

rOVOO>a>CMCOCOOOO 
•  •••••••• 

I  O  VO  CM  00  Oi  O  Ol  •"<  lO 

co  in  vo  n  o)  w  >h  h 


o »»•  o 

CM  rtcf 


O)  CO  « 

in  cm  o 


«a-  m  m  oo  oo 
[••••• 
o>  rsio  po 

k vj  «-h  ir>  o> 

H  rH  iH 


C 

o 

CM  *r-  LO  O 
-M  00  H 
l  H  O  H  CM 

n  C  •  «*  iH 

»  LO  3  CM  N  «-» 

i  .  4-  .  .  CO  -M 

CO  i—  fN.  -  X 

&  to  lo  cm  a> 

a?  +i 

^  £ 

•  CO 

1-1  CM 

LO 

»  CO  0%  CO  CM  CO 

>  •  •  •  • 

►  CO  CO  I"**  00 

i^o^ino 

»H»HCMCO 


•HOCOCM 


LO  LO  rH  LO 
H  CO  ^ 


CO  CM 

— - 

co  «-h 
+1  i 
LO  *3* 
LO  LO 

NCM  lO  LO  Cs.  00  CO  «-* 
•  •  •  • 
o>Ninco 
n  Hin^ 

rH  rH 


■  <**•*  * ■  *  >w» »- »- 


pr.* 


NSWC  TR  83-330 


ID 

»-h  m 

mo  h 

X  co  * 
vo  to 


******* 
co  vo  ro  lo  o 
•••••••* 

CO  O)  O  CM  CM  O  rH  I 

to  cn  cvj  co  \a-  in  vo 

t-H  rH  Csl  CVJ  CSJ  CVJ  CVJ 


>poo 

Hj-  <Tl  >-H 


O  O  00  Csl 
OC  rH  CM  «4" 
«-t  «si  csi  esj 


I'^cocsivocof^r^cnoocrio 

. 

c|«-h  ourt  o  w  oo  n  io  w 

WTson^iomoN^ifl 
rH  r— I  rH  rH  rH  CSI  CSJ  CSI  CSI 


h  m  o  in  in 

X  IrH  CO  CO  » — I 

<CSI  o  CO 


mvocooocsi^foscsioco 

Hj-cooor'-.csicsioicocO'i- 

cor'«coocsicoco*i-*a-in 


rt  v—i  rH  rH 

NOlO  •> 

rH  00 

A  O 


r-~  oo 

CQ  CO  rH 

«o  « 
9-  •  co 
Ehoi 
o 
[_> 


Lf)  X  iS¬ 
CSI  qj 

' —  o 

CO  CO  - — . 

+1  *«  00 

co  rt  m 


mio<tiniorsHLnCTirors 


ksi  oc  o  oo  co  «j-  o  m  o  co  o  xo 

Kn  r-~  co  vo  o  r^.  os  csi  cn  csi 

rH  rH  CSI  CSI  CSI  CSI  CO  CO  CO 


lO  rH  N  CSI  o 
!••••• 
xpcorscsico 


CO  P's*  CM  CO 
^  00  CO  00 

rH  ?-H  CVJ  CM 


cn 

c 

41 

ai 

co  jo 

55 

i. 

• 

41 

0)0 

T3 

I'oP 

<0 

O 

:  o.w 

— 1 

i  ^  f  t-  «-»:V3>»  «w^-s<o»  jt. v .a  .~xrya»-,  /-».  o.C1'**  .  ■•■>  ^  ■ w»  '  a-*  ■  w-*  t  -^,  r  -^»»>i. 


P- 

ls; 


NSWC  TR  83-330 


OOOOlNONOOUJOOCVHO 

•  ••••••••a* 

OC\JHNNCO^tVOOOOOO» 

co«a-vooooi-»c\jco*3-m 

i-hcmcmcmoooococoooco 


O  CX)  ^  H 
LO  ^  VO  CT>  «—* 
CM  CM  CM  CO 


r^. 

f-H  co 

in  cm  oo 

X  VO  H 

A 

t—  •— *  oo 
sc  a\ 


ivcorvintnNAtooNioo 

•  •••••••••a 

X  HmOHOlSCTI^OlOrl 
Ai-r^rooo<-nf>oO'-i^i-voCT> 
HHWNNnnnn 


r-^  lo  cn  cn 

•  *  i  »  • 

o  co  cm  «a-  in 
cm  u-  oo  «a-  o> 

HHWCM 


<u 

' — '-O 
CO  3 


E  -P 

<0 

4-> 

£  3- 

o 

*-> 

& 

^  • 

01  E 

1 0 

CT>Q 

“O  E 

o 

4-> 

of 

iC — 

o  o> 

Q. 

o 

OO 

«*  <3 

— -  in 

a»< 

-J  o* 

M 

<*  CO 

NSWC  TR  83-330 


TABLE  A-5.  DETAILED  DATA  FOR  GAS  LOADING  OF  PBX  EXPLOSIVES 


Shot  No. 

1316 

”  1704  ' 

HE 

Po(g/cmJ) 

PBXN103 

-1.89 

PBXN106 

-1.65 

%TMD,  tube  length  (in.) 

-97,18 

13.5 

Loader 

Po(9/cm3) 

%TMD 

94/6  RDX/wax 

60 

1.60 

95 

54/6  RDX/wax 
60 

1.60 

95 

IP  Data 

X 

t 

X 

t 

51.8 

0.0 

51.6 

o 

79.8 

276.1 

79.5 

38.5 

130.7 

329.8 

104.9 

91.2 

181.5 

350.9 

130.3 

107.9 

219.5 

368.0 

149.4 

119.1 

251.3 

386.0 

168.4 

148.7 

276.7 

397.6 

187.5 

156.4 

302.3 

409.5 

206.5 

164.2 

327.5 

422.2 

225.6 

173.5 

352.9 

435.2 

244.6 

181.8 

378.5 

444.0 

263.7 

189.6 

SG  Data 

X 

t 

X 

t 

20.6 

251 

20 

112.5 

79.6 

269 

79.5 

122.2 

143.3 

329 

111.3 

105.7 

206.5 

360 

143.0 

115.2 

207.0 

373 

F 

181.1 

143.8 

F 
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